ABSTRACT Component-based software (CBS) development is an attractive proposition to globally distributed software development organizations because of its potential to integrate reusable components in new products. Several organizations have adopted CBS development practices to support their global development processes, a phenomenon referred to as globally distributed CBS development. Many factors influence an organization's decision to adopt globally distributed CBS development practices. The objective of this paper is to systematically assess the determinants that influence the adoption of CBS development practices in global software development organizations. We develop a conceptual research model based on the diffusion of innovation theory and the technology-organization-environment framework. Data collected from 115 participants are used to test the conceptual model. The findings from our study indicate that relative advantage, complexity, technology competence, and top management support are the key determinants for organizations to adopt globally distributed CBS development practices. The assessment of both the direct and total effects of the determinants offers insight into the organization's decision to adopt globally distributed CBS development practices.
I. INTRODUCTION
Component-based software (CBS) [1] and global software development (GSD) [2] , [3] are two methodologies that have attracted the attention of the software industry due to their potential to reduce development costs and produce quality systems. CBS development focuses on the development of reusable components and assembles existing software components to build a software system [1] . The GSD methodology is defined as: ''the process where a company (client) contracts all or part of its software development activities to another company (vendor), who provides services in return for financial compensation'' [2] .
Several globally distributed software development organizations have adopted CBS practices to capitalize on a number of benefits [3] , [4] . For example, CBS development can facilitate globally distributed software development by assigning ownership of particular components to different geographical sites and as a result reduce inter-site communication and coordination [5] . Similarly, on the other hand, globally distributed CBS projects jointly develop components in different sites and hence, gain access to expertise regardless of its geographical location. In addition to the benefits of globally distributed software development, a few challenges have also been reported in [6] - [8] . For example, Holmstrom et al. [9] , Damian et al. [10] , and Kotlarsky et al. [11] have reported difficulties in managing CBS projects in a global context due to a lack of standards and issues related to the granularity of components.
Although researchers have shown interest in understanding the globally distributed CBS development methodology, existing studies have focused on the technical and operational issues. Few studies have addressed the adoption of globally distributed CBS development from an organizational perspective. Furthermore, few studies have done an evaluation of the effects of the determinants on globally distributed CBS development adoption.
The objective of this study is to identify the determinants that influence organizations to adopt the CBS development methodology in global software development projects. The motivation of our work is to identify both the direct and indirect effects of the determinants on the adoption of the globally distributed CBS development approach from an organizational perspective. Identifying these determinants will assist globally distributed software development organizations to be ready for global CBS development projects. To do this, we address the following research questions:
• RQ1: What are the determinants of adopting CBS development in a global software development project?
• RQ2: What are the direct and indirect effects of the determinants of adopting CBS development in a global software development project?
• RQ3: What are the differences, if any, between the determinants of adopting CBS development in a global software development project related to client and vendor organizations? To address these research questions, we develop a research model that integrates the diffusion of innovation (DOI) theory and the technology-organization-environment (TOE) framework to assess the effects of the determinants of adopting the globally distributed CBS development methodology. This study has two main contributions: first, we assess the direct and indirect effects of the DOI and the TOE characteristics on the adoption of globally distributed CBS development practices in an organization. Second, our study presents an assessment of the determinants of the globally distributed CBS development methodology from both client and vendor perspectives. Hence, the study provides insight into the organization's decision to adopt globally distributed CBS development methodology.
The remainder of this paper is organized as follows: Section 2 describes the background work. In Section 3, we discuss our research model and hypotheses. Section 4 describes our research methodology. Section 5 describes the results. In Section 6, we present the implications of the study results and its limitations and discuss how the findings from this study can be further used in future research endeavors. Finally, Section 7 presents the conclusion of the study.
II. BACKGROUND A. GLOBALLY DISTRIBUTED CBS DEVELOPMENT
In order to develop quality software in a cost effective manner, organizations are adopting globally distributed software development projects [3] , [5] , [11] . Global software development is defined as: ''development carried out by teams of knowledge workers located in various parts of the globe who develop commercially viable software for a company'' [2] , [12] . The software industry is interested in implementing global software development due to its economic and technical benefits [3] , [13] , [14] . For example, an advantage of global software development is the potential reduction in the project life cycle by using 'follow-the-sun' development [15] , [16] . Organizations are also interested in tapping into skilled resources available at geographically distributed sites. Furthermore, global software development allows offshore vendor-site organizations to improve their service quality [17] . Despite the benefits of GSD, there are numerous challenges in the globally distributed context, such as geographical, temporal and cultural differences which affects software development in terms of communication, coordination, and control processes [14] , [18] , [19] , and there are also some risks for GSD teams such as the distribution of knowledge sharing and knowledge management between sites [9] - [11] .
Component-based software development involves the development of software components and building software applications through the integration of pre-existing software components [1] , [20] , [21] . CBS development offers the advantage of the systematic reuse of existing components to help improve the productivity and quality of software products. However, the main challenge associated with CBS development is that it takes longer to develop a component that can be reused in a number of products [3] , [22] .
Several organizations have adopted CBS development practices to support their global development processes [3] , [5] , [18] . CBS development is an attractive proposition to globally distributed software development organizations because of its potential to reuse components in new applications [3] , [5] . In addition to setting up reuse-based software development, globally distributed development organizations adopt the CBS development methodology to mitigate the risk of coordination breakdowns encountered in non-CBS globally distributed software development [5] , [23] . On the other hand, the globally distributed CBS development methodology also faces challenges due to a lack of reuse standards and issues related to the granularity and generality of components.
B. ADOPTION MODELS
The diffusion of innovation theory [24] and the technologyorganization-environment framework [25] are frequently used adoption theories to assess the determinants of adopting technology in studies of innovation diffusion. Some other theories that are applicable to an individual's choice such as the theory of planned behavior (TPB) [26] and the technology acceptance model (TAM) [27] are not examined in this research study.
Diffusion of innovation [24] is a common adoption theory in information systems (IS) research. Five characteristics have been identified which assist an organization to adopt a technology [35] , [39] , [41] , [43] , [53] , [54] . These are: first, relative advantage, an innovation's degree of attractiveness to the organization over other existing innovations being used in the organization; second, compatibility, an innovation's degree of flexibility in relation to the organization's existing processes, practices and ongoing requirements; third, complexity, an innovation's degree of intricacy and complication to the organization's use and operations; fourth, trialability, an innovation's degree of simplicity in terms of experiments with the innovation in the organization; fifth, observability, an innovation's degree of visibility to employees of the organization [34] , [35] , [43] .
The TOE framework allows organizations to better understand the procedure of introducing an innovation in an organizational context [25] . Three factors influence an organization's adoption of a new technology. These are: first, the technological context which includes the technological capabilities, features, attributes and/or essential qualities of the host organization; second, the organizational context which includes the resources and characteristics of an organization such as its size, degree of centralization, managerial structure etc. that help in the adoption and implementation of an innovation; and third, the environmental context, which includes forces beyond the control of the organization, such as competitors and the nature of the market from a product-production point-of-view [25] , [37] , [38] , [55] , [56] . Moreover, the technological characteristics of an organization include human resources and structural aspects [34] .
C. INTEGRATING DOI AND TOE
A growing number of researchers study the potential of innovation adoption by integrating more than one theoretical approach [34] , [37] , [57] - [59] . Innovation adoption studies commonly integrate the DOI theory and the TOE framework, an approach that is supported by several empirical studies. Although there are many similarities between both theories, there are also many differences.
The TOE framework does not provide any suggestion for some innovation characteristics such as complexity [35] , observability [34] , compatibility [43] , trialability [34] , and individual [37] etc., whereas the DOI theory does not describe the role of some innovation characteristics such as technological readiness [38] , application functionality [34] , technology competence [41] , [43] , availability of alternatives [37] , top management support [35] , firm size [60] , degree of centralization [53] , organizational readiness [38] , competitive pressure [34] , regulatory support [37] , [60] etc. Therefore, the integrative model addresses the shortcomings of each and helps to provide a comprehensive view to an organization about adopting an innovation. Table 1 presents the determinants used in different adoption studies.
D. NEED FOR THIS EMPIRICAL STUDY
Few researchers have reported empirical evidence on the technical and management issues associated with globally distributed CBS development. For example, Repenning et al. [61] highlight that the CBS development approach is suited to distributed software development and suggest that each site should take ownership of components independently to reduce inter-site communication and coordination. Turnlund [62] suggests that the independent ownership of components will facilitate the reduction of inter-site coordination and hence, will help organizations to realize the benefits of globally distributed CBS development. Oshri and Sue [63] discuss the knowledge process viewpoint of globally distributed CBS development and show that knowledge embedded in a component's design can be contextual and requires communication between teams before being applied to another product. On the other hand, Kotlarsky and Oshri [3] and Kotlarsky et al. [5] indicate that globally distributed CBS projects can improve the reuse of components by developing individual components in a joint manner by utilizing expertise regardless of different site locations.
However, few studies have been conducted to systematically assess the determinants that influence the adoption of a CBS development methodology in the global software development context. Such a study is important for both practitioners and researchers to better understand the current state of industry in the context of adopting a CBS development methodology in a GSD project. The study uses a research model based on two adoption theories to uncover the determinants that assist organizations to adopt a CBS development methodology in global projects. Furthermore, we also provide evidence as to how the CBS development determinants, as identified in the research model, relate to client and vendor perspectives of a globally distributed organization.
III. RESEARCH MODEL AND HYPOTHESES
The objective of this paper is to systematically assess the determinants that influence the adoption of CBS development practices in the global software development context at the organization level. We develop a research model that uses the DOI theory and TOE framework to determine the factors of globally distributed CBS development adoption at the organization level. The use of both DOI and TOE theoretical models to assess technology adoption at an organization level has received empirical support as other study results indicate that the combination of two theoretical models helps improve the ability of the research model to explain IT adoption [33] , [34] . Hence, we combine the DOI theory and the TOE framework to provide a theoretical basis to assess the determinants at the organization level that influence globally distributed CBS development adoption. The integrative research model is shown in Figure 1 .
A. DOI THEORY HYPOTHESES
Relative advantage is defined as the ''degree to which an innovation is perceived as being able to provide better organizational benefit than the idea it supersedes'' [24] . Relative advantage is a key driver of new methodology adoption by an organization [33] , [34] . One of key advantages of globally distributed CBS development is the possibility to reuse components and reduce project life cycle by using time-zone differences to implement the 'follow-the-sun' development model [5] . Therefore, we propose the following hypothesis:
H1: Relative advantage positively influences the adoption of globally distributed CBS development practices.
CBS development is an attractive proposition to globally distributed teams because the reuse of in-house components in a number of different products leads to lower development cost for an organization [3] . Furthermore, organizations can also purchase commercial-off-the-shelf components as an alternative to in-house development for a lower price than in-house development costs. Therefore, we propose the following hypothesis:
H1a: Development cost savings positively influence the relative advantage of adopting globally distributed CBS development practices.
Component integration is a critical phase because individual components are rarely ready for a direct 'plug and play'. The CBS integration process often requires developers to write glue-code to manage the mismatches between requirements and component features. Hence, the component integration cost becomes an issue in a globally distributed environment due to the challenges associated with inter-site knowledge sharing, communication and coordination. Therefore, we propose the following hypothesis:
H1b: Integration cost savings negatively influence the relative advantage of adopting globally distributed CBS development practices.
Compatibility is defined as ''the degree to which the innovation fits with the potential adopter's existing values, practices and current needs'' [24] . Compatibility is a key determinant of innovation adoption [33] , [34] . For example, if the aim of adopting CBS development practices in a global context is to take advantage of reusing existing components, either developed in-house or purchased commercial off the shelf, then using CBS development methodology makes economic sense. Hence, compatibility will determine whether globally distributed CBS development will be adopted by an organization. Therefore, we propose the following hypothesis:
H2: Compatibility positively influences adoption of globally distributed CBS development practices.
Complexity is defined as ''degree to which an innovation is perceived to be relatively difficult to understand and use'' [24] . The chance of technology adoption increases when it is easier to integrate the technology into business operations [34] . CBS development practices offer the ability to reuse components developed at different geographical sites. However, the complexity of managing the coordination of work carried out by all involved sites will increase. Therefore, we propose the following hypothesis:
H3: Complexity negatively influences the adoption of globally distributed CBS development practices.
B. TOE FRAMEWORK HYPOTHESES 1) THE TECHNOLOGY CONTEXT
Technology readiness is defined as ''the technological characteristics available in the organization for the adoption of technology including both structural aspects and the specialized human resources'' [34] . Global development organizations with a range of collaborative tools available for their global teams are more likely to have the effective communication and coordination required for developing and reusing components.
Similarly, organizations with standardized design practices across sites will facilitate a greater reuse rate of components [23] . Hence, organizations with a higher degree of technological readiness are better suited for adopting CBS development practices in a global context. Therefore, we propose the following hypothesis:
H4: Technology readiness positively influences the adoption of globally distributed CBS development practices.
Technological competence is defined as ''the technological characteristics with reference to the skill set of the professionals available in an organization'' [41] , [43] , [60] . Globally distributed CBS development projects need skilled teams with experience in managing inter-site communication and coordination as well as expertise in design-for-reuse strategies. We believe that an organization with higher technology competence will be prepared to adopt globally distributed CBS development practices [3] , [7] . Therefore, we propose the following hypothesis:
H5: Technology competence positively influences the adoption of globally distributed CBS development practices.
In the technological context of the TOE framework, the availability of alternatives gives a positive direction and standing to an organization for adopting an emerging technology [37] . If the technological characteristics of an innovation are open to the use of other available alternatives, then this technology is more beneficial and advantageous for adoption by the organization [39] . In globally distributed CBS development, components are operated independently in remote locations without inter-site coordination and communication issues, and each site can hold a particular component without an ownership issue [3] . The standardization of some components and processes specifically for reuse will give a clear understanding for working on them across remote sites, independently [23] . CBS development, being an emerging innovation, gives the freedom to use available standard components as alternatives in the adopted environment, such as the global context in this case. Therefore, we propose the following hypothesis:
H6: The availability of alternatives positively influences the adoption of globally distributed CBS development practices.
2) THE ORGANIZATION CONTEXT
Top management support is referred to as ''the vision, support and commitment provided to foster the desired environment for the adoption of new innovation'' [33] . The adoption of globally distributed CBS development practices will introduce changes in an organization's structure, especially with reference to the facilitation of inter-site team reachability, interactions, expanding the collective knowledge of the dispersed team and investing in designing for reuse. Since the adoption of globally distributed CBS development practices is a key decision, top management will positively influence 79064 VOLUME 6, 2018 its adoption in an organization. Therefore, we propose the following hypothesis:
H7: Top management support positively influences the adoption of globally distributed CBS development practices.
Although organizational readiness is a sub-category of organizational context, it also refers to the combination of two contexts of the TOE framework i.e. the technology context and the organization context [25] , [38] . As an organizational context determinant for change, it also refers to the change commitment of the members of the organization and their shared belief of implementing a change using an innovation [64] , and to the necessity of the available organizational resources to adopt an innovation [35] . For successful CBS development adoption in the GSD context, organizations need to standardize and manage social ties such as creating and maintaining the team environment, building relationships, facilitating interactions, and component management such as designing for reuse, investment in advanced development, facilitating reuse, and managing vendors [3] , [6] , [23] . CBS development, being an IT innovation, gives an opportunity to standardize practices and processes through the collective involvement of the employees of an organization. Hence, we propose the following hypothesis:
H8: Organizational readiness positively influences the adoption of globally distributed CBS development practices.
3) THE ENVIRONMENT CONTEXT
The key to understanding the objectives of an organization is to manage its environmental context, which relates to the internal strategies and processes for conducting the firm's business. The environmental context includes the nature of the market, the competitors in the market and takes a product-production point-of-view approach to other market resources [55] . It is also influenced by entrepreneurial culture [34] , market structure [37] , [39] , perceived environmental barriers [34] , competitive pressure [34] , [35] , [38] , [39] , [43] , [60] , technical support services [39] , regulatory support [34] , [37] , [39] , and relevant technology support [37] , [39] .
Competitive pressure is defined as ''the pressure felt by a firm from industry competitors'' [38] , [65] . Adopting new development methodology is sometimes a strategic necessity to compete with respective competitors. By adopting globally distributed CBS development, organizations potentially benefit from shorter time-to-market, access to skilled human resources at a relatively low cost and systemic component reuse. Therefore, we propose the following hypothesis:
H9: Competitive pressure positively influences the adoption of globally distributed CBS development practices.
IV. RESEARCH METHODOLOGY A. MEASUREMENTS
A questionnaire survey was developed to ask industry practitioners about the determinants that influence CBS development adoption in GSD organizations. We developed a closed format online questionnaire survey as the data collection instrument to collect data from a range of experts in the IT industry who are involved in CBS development in global software development projects. The questionnaire was built based on the determinants described in our research model shown in Fig 1. Table 2 presents a summary of the study participants. Each determinant has a minimum of two and a maximum of three measurement items, as shown in Table 3 .
The survey was tested using a pilot study involving thirteen practitioners from three different organizations. Based on the pilot study, the final version of the survey was developed. The survey consists of three sections: section one collects demographic data, section two asks participants to rate three includes an open-ended question that provides an opportunity for participants to share their experience regarding determinants that affect the adoption of global CBS development practices in their respective organizations. The confidentiality of the participants was ensured as the raw data was only accessible to the research team and the team will not share the data in a way that could reveal a participant's individual or organizations identify.
B. DATA COLLECTION
In this research, the target population of the survey was practitioners with more than three years of experience in using CBS development practices in a global software development organization. The 'key informant' technique [66] was used to identify the practitioners who are knowledgeable about the adoption of CBS development practices in the global context. An initial invitation to participate in the study was sent to the potential participants via LinkedIn groups and industrial contacts of the software engineering research group at King Fahd University of Petroleum and Minerals. Participants at a management level in their organizations served as contact points for the study. The contact points were emailed the survey, which they were asked to forward to invite other relevant participants in their professional network, as this would help provide characterization of an unknown population [67] , [68] .
The online survey with a brief explanation of the study scope was emailed to qualified participants. Data was collected in one phase from March 2017 to September 2017. A total of 380 participants were contacted. A total of 126 responses were received. The completed surveys were manually reviewed and subsequently 11 surveys were excluded due to incomplete data. As a result, the analysis was performed over 115 valid responses. The study has a response rate of 30%, which is comparable to similar studies [60] . 41% of the responses were from small and 59% were from medium-sized organizations. The mean, standard deviation and reliability indicators are shown in Table 4 .
V. RESULTS
In this section, we present the results for the conceptual research model shown in Fig. 1 . Path modeling analysis, a variance-based technique [69] , was used to analyze the data through PLS-SEM (partial least squares -structural equation modeling) [70] . We have used PLS-SEM because it helps explain the variance in the dependent variables of a research model. The use of PLS estimation requires two conditions to be satisfied: (1) the minimum sample size should be 10 times the largest number of indicator variables used to measure one latent variable; or (2) in a structural model, the minimum sample size should be 10 times the largest number of structural paths directed at a latent variable [34] , [71] . Our data satisfies these two basic conditions for the use of PLS estimation. SmartPLS is used to evaluate the validity and reliability of the measurement model [70] , [71] .
The reliability and validity results for our measurement model are shown in Table 4 . Composite reliability (CR) was used to test the reliability of the scales. The CR results for all constructs are greater than 0.7, which confirms the reliability of the scales [69] . The convergent validity was ensured by checking the average variance extracted (AVE). As all constructs in the measurement model have an AVE greater than 0.5, this confirms the convergent validity [72] . This indicates that the construct explains more than 50% of the variance of its indicator variables [72] . All measurement items were evaluated for indicator reliability such that they have a loading greater than 0.7 and are at significance level 0.01 (except three that are at significance level 0.05), as shown in Table 9 in Appendix. This means indicator reliability is good, so we retained all measurement items.
Moreover, two measures were used for the assessment of the discriminant validity of the constructs i.e. FornellLarcker criteria and cross-loadings. To confirm the FornellLarcker criterion, it is necessary that all the correlations between the latent variables should be less than the square root of the AVE of the latent variables [72] . In our case, the correlation between the pair of latent variables is less than the square root of AVE as shown in Table 5 , so this criterion is confirmed. To confirm the cross-loadings criterion, it is necessary that all cross-loadings should be less than the loadings of each indicator variable [73] . The resulting crossloadings and loadings indicate that the cross-loadings are less than the loadings (tables available on request from the authors), so the cross-loadings' criterion is confirmed. Hence, these measures confirmed the discriminant validity. All these assessments confirm that the latent variables can be used for further evaluation of the research model.
A. STRUCTURAL MODEL ANALYSIS (RQ1AND RQ2)
To confirm there are no concerns about multicollinearity, the variance inflation factors (VIF) are used. The traditional threshold is 5. If the latent variables have a VIF less than 5, then there is no multicollinearity. In our case, VIF for most of the latent variables is less than 3 and for some latent variables it is less than 5, which confirms the VIF show that there is no multicollinearity among the latent variables. Furthermore, standard paths were examined for the analysis of the hypotheses of our identified determinants for globally distributed CBS development adoption (RQ1). A bootstrapping method (with 500 re-samples) was used to assess the path significance levels. The resulting path coefficients along with the other analyses are summarized in Table 6 (RQ2).
The results show that the effect of development cost savings (β = 0.22; p < 0.05) on relative advantage is statistically significant (β is the path coefficient). Hence, the hypothesis that development cost savings as an independent latent variable for relative advantage of GD CBS development (H1a) is confirmed (p < 0.05). Similarly, the results also show that the effect of integration cost savings (β = 0.40; p < 0.01) on relative advantage is statistically significant. Thus, the hypothesis that integration cost savings as an independent latent variable for relative advantage of GD CBS development (H1b) is confirmed (p < 0.01).
To evaluate the influence of the other constructs of the TOE framework, the effects of technology competence (β = 0.21; p < 0.05) and top management support (β = 0.08; p < 0.05) are statistically significant for an explanation of GD CBS development adoption, whereas the effect of technology readiness (β = 0.04; p > 0.05), availability of alternatives (β = −0.03; p > 0.05), organizational readiness (β = 0.13; p > 0.05) and competitive pressure (_= −0.02; p > 0.05) are not statistically significant (RQ2). Thus, the hypotheses for technology competence (H5) (p < 0.05) and top management support (H7) (p < 0.05) are confirmed, whereas they are not confirmed for technology readiness (H4), availability of alternatives (H6), organizational readiness (H8) and competitive pressure (H9) (p > 0.05) (RQ1 and RQ2).
In the research model, the indirect effect of development cost savings on globally distributed CBS development VOLUME 6, 2018 adoption is calculated by multiplying the path coefficients of development cost savings (which explains relative advantage) and relative advantage (which explains GD CBS development adoption). Therefore, the multiplication of path coefficients (0.22 * 0.20) is 0.044. To assess the influence of development cost savings on GD CBS development adoption, the indirect effect of development cost savings (β = 0.04; p < 0.05) on GD CBS development adoption is statistically significant (RQ2). Thus, the indirect effect of development cost savings on globally distributed CBS development is confirmed (p < 0.05) (RQ1 and RQ2).
Similarly, to assess the influence of integration cost savings on globally distributed CBS development adoption, the indirect effect of integration cost savings (β = 0.08; p < 0.01) on GD CBS development adoption is statistically significant (RQ2). Hence, the indirect effect of integration cost savings on globally distributed CBS development is confirmed (p < 0.01) (RQ1 and RQ2). The integrative research model explains 85% of CBS development adoption in the GSD context. The results of our analysis show the significance of the integrative research model to explain the adoption of CBS development in a global software development project.
B. CLIENT VENDOR BASED ANALYSIS (RQ3)
In order to provide more insights to researchers and practitioners, we performed client-vendor based analysis over the collected data on all the determinants and organizational background of the participants, which was requested in the demographic field of the questionnaire survey, filtering if a participant is a client or a vendor in GSD. The collected data reflect the experience of the participants working in GSD-based project organizations from a client and vendor perspective. In order to find whether there is a significant relationship between the two categorical variables, such as a client and vendor from a single population (R3), we applied Table 7 . Therefore, we propose the following hypothesis:
Null Hypothesis: There is no significant association between the identified GD CBS development determinants from a GSD client vendor perspective.
The findings in Table 7 , which compare GD CBS development determinants from a GSD client vendor perspective, show that there are more similarities than differences among the respondents of our questionnaire survey (R3). Moreover, the findings also show that there are three significant differences (i.e., p < 0.05) among GSD organizations from a client vendor perspective. The p-Value of development cost savings, integration cost savings, relative advantage, compatibility, technology readiness, availability of alternatives, top management support, and competitive pressure is not less than 0.05, therefore, we accept the null hypothesis and conclude that these GD CBS development determinants are independent of the client vendor perspective of the GSD environment (R3). Nevertheless, the p-Values of complexity, technology competence and organizational readiness determinants are 0.019, 0.038 and 0.049, respectively. Despite the fact that many globally distributed CBS development determinants do not show statistical difference, the p-Values for complexity, technology competence and organizational readiness determinants are less than 0.05, therefore, our findings show significant differences for these three determinants and we reject our null hypothesis (R3). It is interesting to note that practitioners from client organizations (either strongly agreed or agreed, 76Similarly, practitioners from client organizations (either strongly agreed or agreed, 74%) and vendor organizations (either strongly agreed or agreed, 63%) indicate that 'technology competence' is an important determinant for CBS development adoption in GSD projects and also that it is more important to client-side rather than vendor-side organizations. More interestingly, practitioners from clientside organizations (either strongly agreed or agreed 86%) and vendor-side organizations (either strongly agreed or agreed 71%) indicate that 'organizational readiness' is an important determinant for CBS development adoption in GSD projects. The client vendor-based analysis is summarized in Table 7 .
VI. DISCUSSION A. THEORETICAL IMPLICATIONS
The study presented in this paper makes important contributions to the globally distributed CBS development literature. First, research has highlighted the need for holistic empirical studies that integrate different theoretical perspectives for the study of IT innovation [33] , [34] . Hence, in this study, we incorporate two well-known adoption theories (i.e. DOI theory and TOE framework) for the study of globally distributed CBS development practice adoption. We use an integrative approach to use the innovation characteristics from the DOI theory and three TOE framework perspectives to develop a research model to assess the determinants of adopting CBS development practices in a global context. Second, no study has been conducted to holistically assess the direct and indirect effects of the characteristics of globally distributed CBS development adoption and the underlying organization, environment and technology context. This study addresses a research gap and contributes to the body of knowledge on the adoption of CBS development practices in a global context. Furthermore, this study also finds that client and vendor organizations have different determinants for adopting globally distributed CBS development practices. In addition to filling this important research gap, the findings of our study serve to enhance the awareness of organizations of the effects of the determinants that influence the adoption of CBS development practices in client and vendor organizations.
B. PRACTICAL IMPLICATIONS
Relative advantage (H1), a dependent construct of development cost savings and integration cost savings, has a positive influence on globally distributed CBS development in the GSD context. Globally distributed organizations adopt CBS development to enhance the benefits that they are obtaining from the existing development practices [5] . The study VOLUME 6, 2018 also shows that globally distributed firms recognize the relative advantage of CBS development methodology (RQ1). To comprehend the influence of development cost savings and integration cost savings on globally distributed CBS development in the GSD context, we evaluated the constructs. The results showed that development cost savings positively influence and integration cost savings negatively influence the adoption of globally distributed CBS development in GD organizations (RQ1). Globally distributed organizations prefer to adopt GD CBS development due to a reduction in development cost, shorter time-to-market and use of COTS components [7] . For example, one of the participants supported his response to the cost determinant with the following comment:
' The results of our study also indicate that top management support (H7) has a positive influence on globally distributed CBS development adoption in GSD organizations (RQ1). Top-level management help and support the organization by allowing the use of CBS development in all sites of the organization. For example, one of the participants commented:
''We intend to seek support from top-level management prior to adopting a development methodology for our development activities; therefore, it is an essential factor in the adoption process.'' Senior Software Engineer
In a nutshell, the practical recommendations for globally distributed CBS development practitioners are as follows:
• To avoid complexity, GSD managers should assign the component selection task to teams who have knowledge and skills in understanding the need for appropriate components.
• GSD organizations need to create a repository of reusable components in order to realize the benefits of GD CBS development in the long run.
• GSD project managers should provide a mechanism for knowledge sharing among component developers at each site in GD organizations.
• The importance of the GD CBS development methodology and its relative advantages should be manifest to management in order to elicit support from top management.
• GSD project managers should have a unified standard for developing and using components in multiple software products across geographically distributed sites and it will potentially reduce development cost.
C. ORGANIZATION SIZE BASED ANALYSIS
Organization-size-based analysis of the identified determinants gives researchers and practitioners a deeper insight into the results at hand; therefore, we analyzed the significant determinants based on the size of the target organizations. This allows us to place the respondents of our questionnaire survey into different groups such as 'small' and 'medium', defined by the size of the organizations as shown in Table 8 . An organization was considered small if it had less than 20 employees, whereas an organization was considered to be of medium size if it had 20 to 199 employees. Development cost savings and top management support were significant determinants for small and medium GSD organizations. However, the respondents from small GSD organizations agree that other determinants, such as integration cost savings, relative advantage; complexity and competitive pressure were significant. It is imperative to mention that the findings depicted in Table 8 do not provide any room for the relative importance of these determinants from different viewpoints in this study; rather it depicts the significance of these determinants from different viewpoints.
D. LIMITATIONS AND FUTURE DIRECTIONS
There are a few limitations in this study that have potential for future research. First, the sample is limited to organizations in Australia and Asia. This implies that this study only shows the situation in these nations. In a future study, we plan to do a comparative study of organizations based in Europe and North America. Since this study does not consider the use of open source and inner source components, a future study can assess whether this distinction produces different results. Furthermore, organizations adopting globally distributed CBS development practices use a variety of software development processes ranging from the tradition waterfall process to the agile development process.
This study does not provide a longitudinal perspective on the relationship between different software development processes and their impact on determinants to adopt CBS development in a global context. We suggest new research models are developed to study the impact of software processes on the adoption of globally distributed CBS development practices. One other possible limitation is the number of determinants, as there is possibility more determinants that could explain the adoption activity. Therefore, researchers can add other determinants such as firm size, degree of centralization, and regulatory support in their research to better understand the determinants of CBS development from an organization perspective. Lastly, the proposed research model can be further evaluated not only for the adoption stage.
VII. CONCLUSION
Several globally distributed software development organizations have adopted CBS practices to capitalize on a number of benefits such as reduced development cost, time-to-market and increased overall quality of systems. This paper identifies the determinants that influence the adoption of globally distributed CBS development in a GSD project context. The study provides a holistic evaluation of both direct and VOLUME 6, 2018 indirect effects of the determinants of adopting globally distributed CBS development practices from an organizational perspective.
The findings of our study indicate that relative advantage, complexity, technology competence and top management support are key determinants for organizations to adopt globally distributed CBS development practices. The study also indicates the direct effects of development cost savings and integration cost savings on the relative advantage of globally distributed CBS adoption and the indirect effects of development cost savings and integration cost savings on globally distributed CBS adoption. Furthermore, the study shows that evaluating new technologies for adoption such as the adoption of globally distributed CBS development, a systematic approach that combines the characteristics of the adopting innovation and technological, organizational, and environmental perspectives of the organization is trustworthy in explaining the perceptions to researchers and practitioners.
APPENDIX PLS LOADING DATA
See Table 9 . 
